Abstract: Corrosion inhibition efficiency of acid extract of dry Emblica officinalis leaves for mild steel in 1N HCl medium is investigated in the present study. Experimental methods include weight loss, potentiodynamic polarization and impedance studies. The results indicate Emblica officinalis leaves to be a good corrosion inhibitor of a mixed type and having efficiency of 87.9% at 2% v/v inhibitor concentration. Corrosion inhibition may be due to the spontaneous physical adsorption of the plant constituents on the mild steel surface. Experimental data fitted the Langmuir, Temkin, Freundlich and FloryHuggins adsorption isotherms.
Introduction
Use of chemical corrosion inhibitors is common in production and processing operations. Development of new corrosion inhibitors which effectively inhibit corrosion under a variety of conditions while being environmentally safe and acceptable is a challenging task. Acid solutions are widely used in industry such as acid pickling, acid cleaning or acid de-scaling of metallic materials. The frequently used acid is HCl. Several studies have investigated the inhibition of metal corrosion by various types of organic and inorganic compounds [1] [2] [3] [4] [5] [6] [7] [8] . Extracts of naturally occurring products like henna 9 , Datura metel 10 , aloe vera 11 , tobacco 12 , hibiscus 13 , zenthoxylum alatum 14 , phyllanthus amarus 15 , Michelia champaca 16 , khillah seeds 17 , ,black pepper 18 , plant exudate gums [19] [20] [21] [22] , Ficus carica 23 , Piper guinensis 24 etc have been reported as corrosion inhibitors for mild steel in acid media. In the present work inhibitive properties of acid extract of Emblica officinalis (Indian gooseberry) leaves is studied using weight loss, polarization and impedance studies.
Experimental
Green leaves of the plant Emblica officinalis (EOL) were collected washed, and shade dried. 50 g of dried powder of leaves were boiled in 1000 mL 1N HCl with reflux condenser for three hours and kept over night. Next day it was filtered and the filtrate volume was made up to 1000 mL using 1N HCl. The extract so prepared was taken as stock solution and from this other concentrations were diluted.
Rectangular samples of area 1 x 5 cm 2 have been cut from a big sheet of mild steel locally bought. The specimens (mild steel coupons) were mechanically polished; a hole drilled at one end for free suspension and numbered by punching. The specimens were degreased with acetone, washed with distilled water and well polished with emery paper, cleaned, rinsed and dried and then stored in desiccators, for further study.
Weight loss of rectangular coupons in triplicate immersed in 100 mL of 1N HCl with and without the different concentrations of plant extract was determined after different immersion periods (1 h, 3 h, 5 h, 7 h, 12 h and 24 h) at 303 K. Weight loss determinations were carried out at different temperatures viz. 303, 313, 323, 333 and 343 K. After initial weighing, the specimens in triplicate were immersed in 100 mL of 1N HCl in the absence and presence of different concentrations (0.01%, 0.05%, 0.1%, 0.5% and 1% v/v) of the plant extracts at the different temperatures for 1 h duration. The thermostat was set to the appropriate temperature and after 1 h immersion the specimens were removed, washed, dried and reweighed.
Polarization experiments were carried out in the three electrode polarization cell containing platinum auxiliary electrode, saturated calomel reference electrode and polished mild steel specimen as working electrode. All the measurements were carried out using SOLARTRON 1280 B -Electrochemical system. The mild steel specimen was lacquered so as to expose 1 sq. cm area. 100 mL of acid was taken in the electrochemical cell. The polished electrode was then introduced and held for 5 minutes to attain a constant potential. Potentiodynamic anodic and cathodic polarization curves were obtained with a scan rate of 2 mV/s in the potential range from -0.2V to -1V relative to the corrosion potential. In Tafel extrapolation method, plots of applied potential vs current are made and extrapolation of linear portion to the corrosion potential gives the corrosion current. In the Linear polarization method current versus voltage curve is recorded very near to the open circuit potential (10 mv). A numerical fit of the curve yields polarization resistance Rp. Inhibition efficiency (IE%) was calculated as follows
Tafel method
Where, I corr (additive) and I corr (blank) are the corrosion currents with and without the inhibitors respectively
LPR method
Where R p (additive) and R p (blank) are the resistance polarizations with and without the inhibitor respectively.
Impedance spectra were recorded at E corr in the frequency range 0.1 to 20000Hz. Impedance parameters R ct and C dl were computed using EIS software Z VIEW. Inhibition efficiency (IE%) was calculated as follows
Where, C dl.inh , C dl are double layer capacitances and R ct.inh, R ct are charge transfer resistances with and without the inhibitor respectively.
Results and Discussion

Effect of plant extract concentration and immersion time on IE of plant extract in 1N HCl medium
Inhibition efficiency (IE) calculated from weight loss measurements of mild steel samples immersed for different time intervals in 1N HCl in absence and presence of different concentrations of EOL extract are given in the Table 1 . At lower concentrations the inhibition efficiency increases invariably with increase of inhibitor concentration. This is associated with increase of surface coverage by the constituents present in the extract, which retards the corrosion of mild steel and hence IE increases. The rate of increase of IE with concentration of the extract is appreciable at lower concentration range and at higher concentrations around 1%, the change in IE is not much. The maximum inhibition efficiency for 1 h immersion period for EOL extract is 87.69% at 2%. Thus EOL extract is found to be a good inhibitor for mild steel corrosion in HCl medium. There is a general increase in IE with immersion time. The changes in IE with immersion time can be explained as due to changes in adsorption -desorption equilibria. The inhibitor shows maximum inhibition efficiency at 24 h immersion time. Prolonged immersion of the sample in the medium with plant extract leads to greater adsorption of plant constituents. The results of weight loss experiments of corrosion of mild steel in 1N HCl in the presence of plant extract in the temperature range 303K to 343K are shown in Table 2 IE decreases with increase in temperature for all concentrations in the case of plant extract. Decrease in IE with increase in temperature may be explained by the fact that the time lag between the process of adsorption and desorption of inhibitor molecule over the metal surface becomes shorter with increase in temperature. Hence metal surface remains exposed to the acid environment for a longer period thereby increasing the CR which results in reduces IE at elevated temperature. The experimental data obtained with the different inhibitor concentrations of the plant extract in the HCl medium at different temperatures from 303 K to 343 K were applied to different adsorption isotherm equations. Degree of surface coverage Ө was calculated based on inhibition efficiency from weight loss measurements as Ө = (IE % /100) It is found that the data fitted the Langmuir adsorption, Temkin, Freundlich and FloryHuggins adsorption isotherms with correlation coefficients of > 0.9. The values of ∆G ads calculated are in the range -14 to -23 kJ/mol indicating that the plant constituents are adsorbed on the metal surface by a strong physical adsorption process. Negative sign indicates that the adsorption of the plant constituents on to the metal surface is a spontaneous process. ∆G ads values are found to decrease as the temperature increases. This may be due to the predominant desorption of the constituents in the adsorption-desorption equilibrium as the temperature increases Negative value for enthalpy of adsorption indicates that the adsorption process is exothermic suggesting physical adsorption. ∆S ads values do not show any gradual increase or decrease with respect to inhibitor concentration. A similar trend is observed for ∆G ads and ∆H ads as well. This may be attributed to the fact that adsorption of the phytoconstituents is not only dependent on concentration but is also influenced by other factors like presence of other constituents, electronic and steric interaction of the inhibitor constituents among themselves as well as with the other constituents present in the corrosive media, orientation of the constituents etc.
From Table 4 , it can be noticed that E corr values are centered on 0.5 V and do not show much variation. This shows that the plant extract acts through mixed mode of inhibiting both the anodic and cathodic reactions equally. I corr values show steady decrease from the blank acid to inhibited acid with increasing concentration of inhibitor. This clearly shows that the corrosion rate decreases with inhibitor concentration. The same trend has also been observed in the weight loss method confirming that the inhibitor mechanism involves adsorption of the extract constituents on the surface of metal. Inhibition efficiency has been calculated by both Tafel method as well as linear polarization method by using computer software CORRWARE @ for Tafel fit and R p fit. IE% values calculated by these methods are found to increase with increase in the concentration of the extract. It is further noticed that values of both anodic and cathodic Tafel constants are markedly changed in the presence of plant extract. This may be attributed to the formation of oxides on the metal surface in the presence of the inhibitor. Different components in the extract might act by specific mechanism and the overall effect may be a mixed mode of inhibition.
Potentiodynamic polarization curves for mild steel in 1N HCl in the absence and presence of different concentrations of the plant extract are shown in Figure 5 . Polarisation plots reveal that the presence of the extract shifts the anodic curves towards the more positive potential direction and the cathodic curves towards the negative direction. This behaviour confirms the l (Amps/cm 2 )
inhibitive effect of the additive. The shapes of Tafel plots also indicate that the electrodic reactions are kinetically controlled. Figure 6 shows the Nyquist plot for mild steel in 1N HCl without and with the different concentrations of the EOL extract. Nyquist plots show that the mild steel-inhibitor system is under charge transfer resistance control without any loops that could indicate inductive behaviour in the low frequency region. Thus it may be inferred that the inhibitor is selectively adsorbed in specific places on the mild steel surface. According to this mechanism the inhibitor could be adsorbed at active points thus causing the corrosion rate to drop. Table 5 indicates that C dl values are less for inhibited systems as compared to those for uninhibited system and R ct values are higher for inhibited systems. These observations suggest that the plant extract inhibits corrosion by getting adsorbed on the metal surface which increases the impedance (resistance) of the metal surface which in turn decreases C dl values. Charge transfer resistance is a characteristic quantity indicative of the speed of the electrode reaction. Higher value of R ct implies a slow reaction The inhibition mechanism may be predominantly by the adsorption of the plant constituents on the metal by the interaction of π electrons or lone pair electrons of hetero atoms with the metal. The phytoconstituents (Emblicanin A and B, Phyllanthin, punigluconin and pedunculagin) are found to be big molecules capable of covering a large surface area on adsorption. This results in a high IE at relatively low concentration of the extract. This also explains the observation that increase of extract concentration above 1% does not further increase the IE.
.
Conclusion
Acid extract of Embila officinalis leaves acts as good corrosion inhibitor for mild steel in 1N HCl medium. Inhibition efficiency increases with inhibitor concentration and maximum inhibition efficiency was 87.69% at the inhibitor concentration 2%v/v. Corrosion inhibition may be due to the spontaneous physical adsorption of the plant constituents on the mild steel surface. Polarisation studies indicate the inhibitor to be of a mixed type inhibiting both cathodic as well as anodic reactions.
